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1. INTRODUCTION AND SUMMARY

The developBent of the ink Jet printing system continued throughout

thls quarter and significant progress was _ade in several areas, Many

dlf_erent tasks were studied by thc staff of the Turnez L.abcr_toL'

involved in this project. All of these various aspects of the ink jet

system's development will be covered in this report, and several major

accomplishments are highlighted in the following paragraph.

t,

the

As a follow up to the design modification studies, s_me decisions

made in order to _eet future system goals. One ot these goals is

_mplementation of some kind of computer aided design capability into

system. Another goal is to dramatically increase the printing

speed, which requires prograr, ming acceleration and deceleration into [he

table movements. As the ink jet printing system gains the higher degree

of SophiStication necessary to accomplieh these and other tasks, larger

and larger amounts of memory storage will be required to contain the

necessarily more complex software. It was decided _hac in order to meet

the memory requirements, a floppy disk drive unlt should be added to the

system. This unlt will not only supply the necessary general memory

demands, but will a_so serve as a program input device, eLlmlnatlng the

system's current dependence upon a host computer. A 5.25 inch disk

drive unit was ordered and received, but the job of getting it imple-

mented into the system is signJficant. This task will be continuing

into the next several months.

It is desirable to use some kind of computer aided design system

with the ink Jet printing system so that circuits designed on a graphics
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reruns1 could quickly be printed, fired, and teated. This would, of

course, dramatically decrease prototyplng tlme. Through a grant from

Tektronix, Inc., the Turner Laboratory acquired a color graphics tersl-

nal which is the first step In reachln8 this goal. This model 4106 ter-

minal will allow the use of a Purdue Engineering Computer Network

interactive circuit design program cnlled "CHASK". Some work was done

this quarter to become familiar with both the new terminal and the

"CNASK" program, but the task o_ putting the screen information in a

form _nich the 5CC5-85 board can Inrerpret will require conslderably

Bore effort.

Another accomplishment this quarter was the completion of severs1

improvements to the ink supply and pressure control system. In the

past, some printing problems were experienced due to the inconsistent

pressure In the Ink bottle. It Is this pressure which offsets • portion

of the static vacuum In the ink head due to the level of the ink being

below the level of the head. A low pressure regulator and two new pinch

v_Ive_ wero added to the existing pressure control system. The regula-

tor made a notlceable improvement in the pressure reguiatlon in the ink

supply bottle. The pinch valves were added to replace the existing

Sp_rlan brand valves, which consumed a significant amount of power and

caused some occasionally erratic microprocessor operation due to noise

_they cauaed on the power line.

preliminary printingDuring the last part of this quarter, so_e

studies were started. Most of these were done on alu_tna substrates

although • few rest pzints of the top side metsllization on photovoltai.c

cells were conducted. These preliminary printings were conducted in

-4-
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order to evaluate how the system was working, sno to begin to get some

idea of how various solvents used with the MOD inks would affect the

printing process. Some experlmentat_on was also done with varying the

head trigger frequency i_ order to try to increase the film thickness,

hence improving sheet resistance. In the next quarter, muc" more work

will b_ done along these lines.

Work continued durlcg this quarter on prcgram development. This

work Included investigating what additional programming will be neces-

sary as increased printing speeds are tried. This Involves _!ving the

Superior Electric indexer boards acceleration and deceleration commands,

and will also involve coordinating the table steppi1_g frequency with the

head triggering frequency. Other programs continue to bu worked on. As

an example, it is hoped that eventually the individual head nozzles will

be turned on and off, as needed, by the SCCS-85 board. This could

allow, foc instance, a wid_ line to be printed In just one pass, thus

further teduclng 'he printing time,

Several other leas significant improvements to the system were made

this quarter, some on a temporary basis to test their effectiveness. An

emphasis was placed on testing many of the ideas which resulted from the

de, ign modification studies of the first quarter. In the months ahead,

the ideas which proved to work well will be Implem¢.nted on a more per-

_ snetLt basis and investigation will continue in those areas where chert

are still problems to be worked out. Other changes will be made along

the way as an attempt is made to make the ink jet system print effi-

ciently and consistently. The remainder of this report describes, in

detail, the accomplishments of this quarter and the proposed plans for
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the next qt_arte[.

2. PROGRESS

2.1 Mechanical Modifications

There were several problems associated with the ink supply and

pressure control system. One occasional, but very irrltatin 8, problem

was that line trsnolents caused by the solenoid valves turning on and

off sere causln 8 erratic microprocessor opera[Ion, a check of the +5

volt supply line to the SCCS-85 board clearly indicated some significant

spikes when either of the valves controlled by the I_3ver photohellc

pressure switch/gauge cycled. These Sporlan brand valves operated on

I15 VAC and consumed about 32 watts each. To alleviate this noise pzob-

lem, two Anger brand valves part #401-4C-12-8-30 were purchased to

replace the Sporlan valves. These new valves were installed and some

rerouting of tubing was also done. _The Anger valves operate on 12 VDC

and consume only 3.9 watts each. These solenoid valves, which are nor-

mally closed, operate by pinching closed a I/8 inch l.O. tube which

passes between a set of jaws. When these valves are energized, the Jaws

separate and flow occurs. :o further reduce nolse generated by the

switching, a lS400I diode was placed in parallel with each coil. These

rend to clamp, to some degree, the turn on and turn off spikes associ-

ated with an inductor. The reduced power requirements of the new valves

has all but eliminated the noise proLlems =hat were bein 8 experienced.

Further noise protection is now being provided by 8 line transient pro-

cection device described in the next section. A small separate 12 volt
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power supply is being used on a temporary basis to power the two valves.

These valves were connected _o the D_n/er control unit in much the same

way as the prevlous valves were, The inlet valve opens (energizes) only

when the pressure dcops below the lower set polnc. The exhaust valve

opens (energizes) only when the pressure in the ink bottle rises above

the upper set point. In this manne:, with the set points set relatively

close together, the Dwyer unlt malntaln_ a consistent ink bottle pres-

sure.

The second pressure control system problem which had to be

addressed was one which was severely degrsdin_ the accuracy of the sys-

tem. The only regulation on the inlet aide of the intake _;olenold was a

st_mdard tank regulator having a range of O-l('O psi. It was incapable of

regulatlng accurately below about 5 psi, partlcularly since its regula-

tion was flow dependent. The re_ult of this inaccuracy was that when

the intake solenoid valve opened, a sudden pressure pulse entered the

system causing _he exhaust valve to open almost immediately to relieve

this pressure. This, obviously, was defeatlng the whole idea of the

regulating system. To correct this problem, a low pressure regulator

was purchased and installed between the t mk regulator and the intake

valve. The unit chosen wa_ a Rockwell n)del O43-I_0 which is se_ to

regulate st 3.5 inches of ;#ater column. This unit's accuracy Is also

flo# dependent, so a metering valve was added to the outlet side of the

regulator and adjusted to allow a very small continuous gas flow when

the system Is being used.

The two above changes made a noticeable improvement in the pressure

regulation in the ink bottle. This has, in turn, yielded more
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consistent prlntlnSs since the pressure paramter can nov be

constant. The

tured in Flg. I.

worth noting.

held very

complete Ink supply and pressure control system Is pic-

Several changes besides the ones described above are

3
In the original system there use a 450 cm plastic con-

talner which acted as s buffer to dampen the sudden pressure pulse which

occurred w_en the intake valve opened. Thls was ellmlnated after to the

addltlon of the low pressure regulator. Secondly, the sense line for

the Dwyer controller now comes dlrecCly from the ink bottle, giving

better regulation accuracy. Note, also, the addlcion of a restrictive

tube tn the inlet line. This is to dampen the pressure pulse slightly

when the intake valve opens because there is still some difference

between the regulated inlet pressure and the maintained pressure in the

ink bottle of approxlmacley O.l inch of water coluem. The _nual purge

valve Is still used In much the same way it has always been. It is

opened to prime the head initially with ink and to flush the head wlth a

solvent when printing is completed.

In the past quarter, two _tcro _wicches were mounted on the posi-

tloning table In order to provide a means for positioning the table to

an initial start point prior to each print sequence. Through program-

ming and the use of JOG comDands glven to the indexer board, the table

Is positioned to an exact point below the print head before each print-

ing sequence. Thls has proven to be a valuable addition to the system.

When this change was first implemented, snap-action switches having a

differential travel specification of 0.0010-0.0051 cm were used because

chey were l_nedtately available and relatively inexpensive. However,

because the table moves in increments of 0.00254 cm per seep, lC was

-8-

'III:



u
_ Z
u ,,',=,.a=o,,,

:.r

:>

v

o
LJ

ft....,

"L"

,j-

"3

-9-



seen that a switch having a differential travel specification below thle

value was really what was needed to assure that the table was positioned

to the same exact initialization point each time. Snap-actlon switches

meeting these requirements were ordered shortly after the first svltches

were Installed. During this quarter these type BZ-R-A2 switches from

Micro Switch were received and installed

switches have a maxlmum differential travel

0.0008 cm. These higher precision units

on the table. The newer

specification of O.O005-

u'.l yield more accurate,

repeatable p_xntings and will also allow precision multiple printings if

desired.

2.2 Electronic Modifications

It has been determined that system memory trill have to be signl[l-

cantly increased in order to meet future system goals. Currently, the

5CCS-85 a_Lcrocomputer board has only 4 kilobytes of RAN (random access

memory). This is adequate for existing software but will fall short of

meeting the requirements of the more complex prograamlng which will be

developed in the mon[hs ahead. To meet this requirement, a 5.25 inch,

double sided, double density floppy disk uult was ordered and received

during this quarter. The Teac model FD55B drive unit was decided upon

after inveetiga_ing what was going Co _e invoived in getting it inter-

faced into _he system. The designer og the SCCS-85 Licrocomputer board

was consulted about how a disk drive edght be interfaced with hie board.

=

Since he had previously done this very thins, he agreed to provide

schematics for a disk controller/formatter. It was alsr learned that in
_: _iii o_.....
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order go use this disk interface board, a newer revision 3 version .f

the SCCS-85 would have to be obtained. The board which was being used

was a SCCS-85 Rev, Z verplon lacking some additional control llnes neces-

sary for In=erfsclng with the disk controller/formatter board.

A completely assembled SCCS-85 Revision 3 microcomputer board was

located locally and purchased. Although assembled, it had noc been

tested. A small wiring error was located and corrected, and the other

modifications necessary to adapt it to the ink jet system were per-

formed. Due to a slight difference between the two boards, a small pro-

grammlng change had to be made for the board to operate =he system

correctly. With these changes in place, the newer Revision 3 unit is

now a part of the system, hence compleclng the prerequisite for Imple-

mentlng the disk drive system.

All of the parts necessary _o construct the disk

controller/for_atter board _re ordered and most of them have been

received. The actual construction has not yet started but this task and

the Job of testing and debugging the completed system will be completed

within th_ next quarter. This w_ll also involve some program writing to

adapt a standard CP/M operating syste_ to this par_Icular system, Once

this entire system has been put in place, the system will have a memory

capabillty of 300 kilobytes, which should be more than enough for any

future needs.

Completed this quarter was the selection and purchase of a power

supply meeting most of the system power needs. A complete evaluation of

these needs was done and maximum currents for each voltage used in the
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system were determined. This information was then used to select a

model CP 167 linear regulated paver supply made by _ttcrocoaputer Power,

Inc. It will supply all the necessary system voltages except the +40

volta for the Slemns driver board and the lab, fated +12 and +24 volt

supplies for the Superior Electric driver boards. The new power supply

is a frame mounted unit w_th a cooling fen, and it wlll be incorporated

into the system along with other changes which are being made to improve

general system packaging and reliability. Part of the repackaging will

involve rebuilding the power supply unit onto a standard wldth rack

panel which wlll mount on the back side of the equipment cabinet. This

witl be done in such a way that the cooling fen will provide cooling for

both the power supply components and for the Superior Electrlc Driver

boards. This reconstruction may also involve the _dditton of multiple

quick disconnect connectors so that the necessary DC voltages can be

easlly routed to the various subsssembllee whlch ere part of the system.

As an added precaution against llne noise problems, e llne noise

suppression and transient protection device was purchased. It is a

model RS 610 surge suppressor made by Parma Power. It incorporates both

an L-C network for noise suppression and three metal oxide varistors for

both normal mode and common mode transient protection. This unlt Is now

being used between the IISVAC line and the main system power supply.

Eventually, it will be Incorporsted dlrectly into the new power supply

assembly. Since the addition of this unlt and the changing of the

solenoid valves in the pressure control system, no significant noise

related problems have been experienced. Future changes may De required,

however, to [urther improve noise immunity.

-12-
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During the desisn ucdiflcation studies of the _irst quarter. It was

decided to replace the LED displays used for _ndicating table position

with LCD displays. This wlll further reduce the power requZre_ents of

the system. A8 part of thls change, the ne_ displays wlll be mounted on

the same circuit board as the new counter/display driver integrated clr-

cults. Thls assembly wlll be mounted on the rack panel whlch will con-

tsln all of the poslcionlng table components. _rlng this quarter, the

counter/LCO display driver integrated circuits (National Semiconductor

HM74c947) and the And brand FEO202D LCD displays were breadboarded and

tested. The maximum currrent draw for one counter/dlsplay driver was !

uA and IC is more commonly in the 20-30 _A range, so there was a notice-

able power reduction as compared to the LED displays.

Since the addition of the inltializstlon switches to the table,

there was a need for a circuit which would reset the counters when the

table was positioned t_ it_ initialization point. Although the ,:ircuit

has not yet been i_plemented, a design was successfully tested. The

same lines from the switch "debounce" circuits which activate the SCCS-

85 Interrupts will serve as the triggering signals for the reset clr-

cult_. These slgnale, which are poslt£ve going when _he table switches

are ctlvated, will trigger 74LS123 retriggersble monostable multivlbra-

tots. Using external timing components, the "one-shots" will be

adjusted to output a pulse having a pulse width of lO _s. The "not" Q

oucput8 of the IC's will connect to the "not" RESET inputs of the

counters. With these circuits In place, when the table switches are

activated the counters will be reset to zero. Along with these reset

circuits, circuits will be provided to reset the counters when power is
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applied. This feature _Lll be accomplished srLth simple ctneletor cir-

cuits end a _ev tiuLnS components.

During the design Iodiftcetton studies of the first quarter, It yes

decided theC some subscsntlel effort should be p_c into tsprovlr_ gen-

eral system packaging end layout. Careful layout and redest_ could

significantly reduce Intervlrlnl, improve noise Imwn_ty, increase rell-

ablI1ty, end improve eervlceablllty. Implementing all of the vsrlous

changes whlch were proposed i• a very time consualn& task. The decision

co mount •11 of the _sitionln_ table components on one rack uountable

panel is a step in Chls direction, as is the purchase of a power supply

vhlch viii also be rack mounted, althouah other changes say be neces-

sary a• rese•rch continues, the proposed block dlegrsm for the

redesi#,,ed •ysten L• shown in Fii. 2. The Heed Drive and Control Assem-

bly will contaln the original Slemone driver board (modified to elim-

inate the unneeded circuits) end the pulse driver board ehlch viii con-

tain the higher preclsion CMOS "one-shot•', In •ddltion t_ these clr-

cults, the assembly viii Incorpor•¢e circultry to alloy the microproces-

sor to control vhlch nozzles are on. There vlll still be • manual

switch aeeeubly which plugs into this assembly and makes It possible to

switch on individual nozzles manually.

A break-down of the components which viii be contained in the Poel-

tlonlng Table Assembly is sho_m in Fig. 3. Centrnl to thls assembly

will be the PosltlonLns Table Interfsce Board. It will consist of the

LCD dlsplays and the aseoclated counter/drlvere for each axii, the table

initialization switch "dsbounce ° circuits and counter reset circuits,

and the tvelve inverters needed for the lines Co and from the 5CC5-85
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board, The Positioning Table Interface Board will also serve as a con-

nection point for the Indexer/Driver Board Assemblies and the Position-

ing Table and Print Head Assembly. This will sake it possible to have a

single cable from the Poaitionln S Table Interface to the Positioning

Table end Prlnt Head Assembly. This cable will contain the motor drive

signals for both motors and also the five necessary lines used for the

table initialization switches. The +12 and +24 volt power supplies will

be 8 part of thl8 assembly, and the ÷5 volt source also needed on this

a0sembly will come from the _aln power supply. By consolidating these

components into one assembly, the wiring between Ic and the rest of the

system is greatly simplified. Note that only a single 20 flue _able

will connect this assembly to the $_CS-85 board.

During this quarter, a photovoltatc cell test set-up available for

this laboratory's use was investigated. It is a re_atively simple set-

up consisting of a probing station with a vacuum chuck connected to a

Tektronix model 576 curve tracer. There is also a variable light source

mounted above the sample area. It provides a general qualitative

analybls of the current-voltage curves for photovoltaica, both darkened

and illuminated, but was not intended for critical analysis. Nonethe-

less, it will serve as a means of doln_ basic cell evaluation during the

next months to determine the effects of changes in printing parameters,

ink chemistry, and firing procedures.
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2,3 Couputer Aidecl. D_siSn and Pro_ruLn_

1"ha nodal 4106 color jraphics ternLnal recently acquired from Tek-

troutz, Inc. has been a valuable addition to Turner Laboratory's equip-

ant. Zt via tholes because of its comparability to the in house

°CIqASK" circuit deetp prograt. Th_ 4106 is a nacroproceesor-controlled

Cardinal havana a 13-inch color display screen with • hA0 x 480 pixel

resolution, lath dialog and graphics can be dealt vith simultaneously

on the screen in a variety of available colors. This unit also features

a 4096 x 4096 8ddreeeable terminal space coordinate syste8 and ml-

t/level displays of complex tnformatlon. It operates In a variety of

nodes alloying it to be used as a stand- alone jrJLphics syste• and also

as sn interactive unit, providing both screen editing and graphics caps-

btlittes in conjunction with s host computer system.

The °CHASK" design program was specifically written for the Tek-

tronix model 4113 teralnals; however, vi_h the exception of • fay either

details, the model 4106 is compatlble with the program. This design

program was developed at Purdue University, and is simmer continually

undergoing changes. Work will continue on learning "CKASK" design tech-

niques with the latest version of the program. Here importantly, time

rill be devoted to learning hey to use "CHASK" end the 4106 to meet the

• equired needs of the ink Jet prlntlng system. Tt, Ls task viii continue

over the next months as it rill probably involve • large amount of addi-

tions1 software development. It is not the actual design of the circuit

on the terudnal, but the movement of that design information from the

term4n81 to the SCCS-85 udc_ocomputer board that is d££ficult.

General progr•uning development for the ink Jet pr£ntlng system

also continued. As part of the preliminary prLntin 8 studies which were
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carrled out this quarter, some experl_ntatlon was conducted using dif-

ferent head _riggering frequencies. Most of the printing studies in the

past used a head triggering frequency of 100 _'z, but higher frequencies

were requJred to get thicker films This involved some minor program-

ming changes since the head triggering signal Is now being generated on

the SCCS-85 board's Timer Group.

In an effort to achieve one of the future system goals of increas-

ing the printing speed, two different programming changes were tried.

The existing program IS set up in such s way that printing occurs in the

positive X direction and in the positive ¥ direction on :he substrate,

but not in the negative directions. A new program was written which

allows the head to print in both directions of both axes. Along with

this programming chang', the pattern program also had to be changed

sccordlngly. This program will require some further refinements before

it will be Implemented on a permanent basis, but the technique works and

will help to reduce orlnt time.

Secondly, some experimental programs were written to run the posi-
t

tionlng table at higher stepping speeds. This involved _aking use of

the acceleration and deceleration features built into the Superior Elec-

tric indexer board's logic. This is s more complex problem because It

involves not only the table movement, but the coordination of the move-

men_s with the head triggering frequency. In the past, the table has

moved at one set base speed, so there was always a definite ratio

between the stepping frequency and head criggerlng frequency, However,

with acceleratlou and deceleration programmed into table moves, the head

triggering frequency must be ramped up and ramped down accordingly _or a
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consistent 11n_ to be prtnttUl|. Prosreuatq work wL1Z be eontinUiUl[ to

aceonplish this task. This task v111 poeaLbly also involve some elec-

tronic hardware additions.

2.4 Printinl[ Studies

lnk Jet fllu prlnclns studies wars started thls quarter. Various

inks were studled and several different heed trllgerleq[ frequencies,

table speeds, nozzle diameters, and ptezolectr/c drlvar pulse amplitudes

were tried.

Three different lnk solvents were tried: zylene, toluene, and

tetrahydra£ursn (THF). Sller neodecanoste was dissolved In these three

solvents to fo_-m the inks (SI-I, 51-2, SI-3 and SI-4). In the future

when the laboratory Is equipped with s proper exhaust sysceu, benzene

may be tried. Due co its extremely toxic nature, it will not be used

untll the proper safety precautions have been taken.

The ellver neodecanoate used In these Inks was prepared following

the reactions:

R R-
I I

R3 - C - COOH + lq144OH---> R3 - C - COONH 4 + H20

J I '

[R I + R2 + R3 - C8H19]

-20-
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R
l

I

R 3 - C - COONH 4 + AgNO 3 ---> R3

I

R 2

R
l

I

C - COOAg + NH4NO 3

I
R 2

An equlmolecular mixture of 95% pure neodecanolc acld (9.46 gm =

0.055 mole) and 58% ammonium hydtoxlde (3.31 gm = 0.055 mole) were mixed

together at room temper_Ldre and the resulting soap was diluted in

deioni&ed water (53 ml). _ aqueous solution of silver nitrate (lO gm =

0.0526 mole) (water • 50 ml) was then added slowly with stirring. The

white precipitate of Bllver neodecanoste thus formed was repeatedly

washed with cold and warm (30-50°C) delonlzed water. The solid was

mixed with methanol (I00 ml) and stirred for flnal drying and purlflca-

tion and then suction filtered. Silver neodecanoate was then isolated

in 70% yield as a white dry solid.

The physlcal data for the solvents and inks are shown in Table I

and Table 2, Density was determined using a specific gravity bottle,

surface tension was recorded using a CENCO-duNOUY tenslometer, viscosity

was measured using an Ostwald-kinemat£c viscometer. The boiling points

of xylene, toluene, benzene, and THF are quite different [rom each other

and their rates of vaporization at a given temperature are equally

varied, Row these differing characteristics affect the printing of the

films was investigated,

Various head triggering freq_,encies were tried for each of the

three different solvents. For all the tests, the substrate was moving



Table 1. Physical Data of Solvlnts at 23°C.

w

Solvent Source Boiling Point
(vC)

Density
(p/co)

Vlecoslty
(cp)

Surface
Tension

dyneslcm

_I_

Benz_ne

Toluene

Xylene

Fisher 67 0._S6

Scientific

Hal£1nckrodt 80 0.87

Aldrich 111 0.86

Aldrich 138 0.86

O.461

0,652

0.59

0.65

28.0

28.8

28.5

28.2

Table 2. Physical Data of Silver Inks at 23°C.

Ink No. Solvent wt/o Ag Density

by TC_ (_t,m/cc)

1

Viscosity
(cp)

Surface
Tetmlon

dynes/cm

SI-I _'lene 20.8

SI-2 toluene 19.:

SI-3 THF 21.2

51-4 Tiff 16.8

1.143 5,37 30.0

1.103 3.8 26.4

not determined

1.070 1.44 25,7
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at s constant velocity of 1.016 cm/sec. For each pulse applied co a

head driver, one droplet of ink was ejected down onto the substcste.

Obviously then, a 200 Hz head triggering slgnal will deposit twice the

amount of ink in a specified length of table travel as does a head sig-

nal of I00 Hz. Thicker films tend to yleld lower sheet resistance

values which is a parameter th_t should be minimized in order to minim-

ize series resistance of the cells. However, as head frequency is

increased and gre_ter amounts of ink are deposlted onto t_e substrate,

llne definltio_ tends to be degraded.

The first ink studied was aboot s 50% solJtlon of silver neode-

csnoate in xyleue (SI-1). The substrate_ used in these tests were

A1SiMag 838 because no Si cells were avallg_le. Since the substrate was

o
maintained at a temperature of about 35 C, the vaporization ra_e was low

for this ink. At the lower frequencies, the line def_nltion for the

films was good, but at the llne definition got progressJvely worse at

frequencies above 300 Hz. This was due to the fact that as more

material was put down, _pre_ding occurred because the solvent did not

evaporate quickly enough. Table 3 shows the qualitative llne definition

r_tlngs for the various frequencies used.
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Table 3. Line Emflm_LtLon QualLcy

Ink Solvent

No. I00

SI- L Xylene ****

SI-2 Toluene '6"*

SI-4 "f_IP ****

rreq_ncy (lie)

200 300 4OO 500

**** excellent

*** good

** fair

* poor

6OO

AQ

The second ink studied yea shout a 50I solutfon of silver neode-

o
canoate in toluene (S[-2). The boiling point of toluene is 27 C lover

then xylene, therefore the vaF_rizstto_ rate of this solvent is consid-

erably htKher thst the rate for xylene. Frequencien from 100-600 Hz

vere cried, and the results in Table 3 shoe that the line definition at

the higher frequen_£es yes better vith toluene than it yes v_th xylene

solvent.

The lest ink studied yes about 8 40Z solution of sliver neode-

csnoete Ln TH¥ ($1-4). Prior to this, about a SOZ solution of silver

neodecenoate in TRF (SI-3) yes used. Due to the very 1.or boiling point

of THF (67°C), the rate of vsporizatt.n was very fast, and when the ink

yes exposed to sir a thin coatinK formed on the surface. The diluted

Ink (SI-&) see_d to minimize this problem and so was used for this
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test. Frequencies from I00-600 Hz were again used. The llne deflnttlon

was especially good at the higher head rrlg_er frequencies, such as 400

and 500 Rz. The wet film surfaces were s ittle rough, but became

smooth after firing. The results for the various frequencies with th/s

ink are also listed in Table 3.

For the xylene ink solution (ST-I), the best llne definition was

with head triggering frequency of I00 Hz. Hultilayer films were printed

at this frequency, thus increasing film thickness without Increasing

head frequency. Eoch the llne definition and the film thickness were

very good.

Since the number of solar cells available was very limited, most of

the printing studies were done on alumina substrates. However, the sur-

face properties of the silicon solar cells were quite different from

those of alumina substratea. From an Interracial energy point of view,

the solid-lnk interfaclal energy of the silicon solar cell was larger

than that of the alumina giving the sessile drop configurations depicted

in Fig. 4. Such phenomena of contracting the ink to the center llne was

very desirable because is gave

thicker lines on the solar cells.

Wetting

better line definition, narrower and

Nonwetfing

Ysv
YSV

ALUMINA SILICON SOLAR
CELL

Figurt, 4 luterfacl_] Energies with Alumina and Silicon SubstraE_J._.

-25-



z

SON prlnted solar cells yore evaluated uaim_ the TI_)R protllomm-

ter. The thLckneJ8 d/st_lbutton of the cross section of 8 1In _s iho_m

In Fig. 5. The surface of solar coll yes rough, cud the ink Jet point-

ln8 uethod gave s uniform thickness which replicated the surface ro_l_h-

hess. This is in contrast to screen printius, which tends to fill the

0urface roughness end produce s smoother film. The two cssel are con-

trssced in Fi$. 6.

't! I.l I', , 'j i'I!

If, IO

1 OI li :

b' L, )4 I," :

liE" 1.' ,'II, H
F;'• 3 UbUk _1 !:! :

_" ,100 i3ul_

"',rP'll,I PEINO l

--'UUU ." I

4

• , '"ill] jlIiI rl t_

" i | ' "Jl, , ,I •

n'l I O

! i'll( I I-I , -1

l'l_ IJ

I ;1 _" ",. p

flt

II I"t ,,,.,./'1,""', ,-,
U', °t t ' " '. ,..,'" I

" ' " a" PI," ', _,,nI
' nn I i

l rid'l : r_r,

I
I ' 'r|

i

Jl I| It

Figure % Film Th[,'kne_ Cross Section.

S ubstrate

Screen printing

Substrate

ink jet printinq

, . :_:

Figure 6 Comparl._on of 5<'r_en PrlnClng and Ink Jet_.

PrlntlnF on a Rough Surface.
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If the ink Jet driver pulse was too large or if the ink Jet head

was too close to the substrata, a double peak printed film vas observed.

_e phenomena was due to the effect depicted in Fig. 7.

Ink drop

double peak

line

Substrate Substrate Substrote

(1) (2) (3)

Figure 7 Growth of Double Peak Line.

When ink drops are ejected from the ink Jet nozzle, they are acted on by

the force from the piezoelectric m_terial contraction. As the ink drops

hlC the substrate, this force splits the drops into two and pushes the

segments to each side. The force is dissipated at that moment, and the

two split drops try to flow back to the center. However, the solvent

evaporates before they can level and leaves double peaks. This

phenomena was undesirable because it gave less uniform lines. This

problem can be solved by adjusting t_e distance between the ink Jet head

and the substrate and the pulse voltage.

The pulse voltage of the ink jet driver was varied with all other

parameters kept constant. It was deter_ned that there existed a thres-

hold voltage, below which no ink could be ejected. Above the threshold

voltage, the ink Jet drops became larger and the printed line was

thicker as the pulse voltage increased. At larger pulse voltages,
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double peak printed I/nee were observed as d/seunsed £n the previous

paragraph.

The original ink Jet head yam equipped a menlo place _rLth tvelve 3

nil dlaneter holes, t_tch controlled the size of r,he ink Jet drops. A

hey nozzle plate _r_th different hole sizes yam made by JPL and installed

on the ink Jet head. The mimes of the orficea were 0.$0 1, 2, 3, 4, and

S udl. hperismncs shoved that the different hole sLsee required dif-

ferent ink Jet threshold voltages. With increased diameter of the

holes, the printed lines _c_ l:hlckel'. _ver, no _ yam eJecred

from the 0.5 or ! all orifices for any pulse voltage. The ezperldwnts

vere done at 200 az i,k Jet head freqemency, and further experiments rill

be conducted at lo_r frequencies to investigate the s,uhll holes. It Is

possible that ink can be ejected from the sull holes st lover frequen-

cies.

Durin S the printing exper£:ents, It was found chat the ink drop at

ink Jet nozzle grew larger during Josgln4 Boveaent, (moving the sub-

strafe to 8 certain position vithout printing). The reason for this

problem was the combination of the low viscosity of the lnk, and the

pressure inside the ink system. Thls collected larger ink drop vss

deposited onto the initial spot of the nezt printing _lne, vhlch made

for poor line definition at the initial spot. It was observed that 8

shorter Jogging movement improved the problem. Since the orlslnel

softvare program use written In such a way that printing was only

excuted in one direction and Joulng in anothez direction, the Joulng

movement required sn excessive amount of tlme. In order to solve the

problem, the original software program yes medLfied so that printing
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could be excecuted in either direction, This modified program mJde the

Jozgln 8 movement shorter, and the line definition of the initial spot of

each line was improved.

The movement of the substrate is controlled by the x-y table, and

the speed of the table can be varied through the software program. By

changing the speed of the table, different thickness of film can be

obtained. Under normal conditions, the base speed of the x-y table was

I ca/s. If the base speed was changed to 0.5 cm/e the film thickness

vao doubted, and changing the table speed to 2 cm/s gave a film chick-

ness half of the orlglnaI. However, if the table speed was adjusted Co

a very low or a very high speed, the stepper motor went into a resonant

and unstable condlclon. Some hardware changes are needed Co return the

machine to a stable condition again.

3. PLANS

In the :oming quarter, a maJoc emphasis will be placed upon finish-

ing the electronic modifications already decided upon. One of these is

finishing the construction of the Positioning Table rack assembly. This

will include the uew LCD displays Co indicate table position and the

additional circuitry for resetting the counters in conjunction with

table initialization. This chaoge will also reduce the amount of

lnterwiring between the microcomputer board and table drive electronics.

A second major electronic change which will be concentrated on is

the implementation of the disk drive system. The disk

controller/formatter board will have to be fabricated and appropriate
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softtmre for the disk operatl_ system vlL1 have to be tuplmmmted lutes

the system. ThAn viii be a major task of this emzt quarter because it

involves Sil_/ficant cbe_jes In both turdvzra and softtmre. A_on4 tr_th

this chanse, the nov pover supply urLXl be remounted on a staQdzrd rack

panel and incorporated into the syatea.

Tl_trdXy, work wtlX be coutiuutq on coutructiug a My pulse driwlr

board which rill contsin the I_tsher precision °sue-shot" circuits. It

v/IX sXso contain the new circuitry for controlXiq the nossle selection

through programatnS. S_suificsnt prosramztuS deveXopmnt wl2I be

involved before the system rill be capable of ue£ng multiple nozzles.

Much of the preX_ucLnary york hss been done toward nsktn_ it posst-

bXe to use s coeq)uter aided desla_ system rich the ink Jet prtnttnS sys-

tem. The acqulsAtlon of the Tektrontz 4106 terKtua_ has aXlotmd the use

of Knsineertns Computer _etwork's °C_(ASK° projrau uhAeh has the desijn

capabilities needed for the ink Jet system, lb_vever, the Job of luter-

prettng screen information and putting it in • form (thro_jh pro|ram-

sins) that the SCCS-85 can convert to appropriate move comunds is com-

plex. The methods and techniques of accoupLtshin8 this vlX1 continue to

be tnve_tisated end prosrsu developed accordinsly.

The preXlslnsr 7 printins ecmiiee started durin$ this quarter wiXl

be contit2uins throushout this next quarter. Much more work wtlX be done

in investt$ttins hey the vario_s paraueters lnvoXvod in the printing

process effect the printed film. Sons of these vlXX involve the contin-

ued investigation Into various ink solvents and the possible mldttlon of

compounds to improve film zdhms£on. Also, vork wiXl be moving forvard
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in trying to incremae film thickneee and still maintain good line detin-

ltlon,

l)urln 8 thls next quat_er work w£11 be started to evaluate how the

various printing parameters affect _he cells" characteristics. The test

set-up now available to the Turner Laboratory will uake It possible to

compare cells, even though it will not allow actual quantitative evalua-

tion. As the ink Jet printing system is refined further and the modifi-

cations put in place, it will be easier to vary single printing parame-

ters in order to optlmize each and thus produce a more efficient solar

cell.

4. SCHEDULE

The list of tasks and updated program plan are attached.

-31-



LIST OF TASKS

1, Ink Development end Froceseiq Studtee

2. Electronic NodlflcatLone end PrograuLni

e. Gee/fin modification ,t_tLee

b. Electronic a|meubly

c. Operational demonetrat ion

d. Couputer eoftvare genere¢ien

3. HechanLcal Nodlficatlone

e. Design modificatioa studies

b. Hechanlca) assembly

c. Operational demonetretion

4. Film Thlckneee end Line Width Sr.udLu

5. Pr._ntinli Speed Studiee

6. Fabricating and Characterising Calla

7. Specifications

8. Data £or _conoaAc Bvaluation

g. Pereonnel for Ha,etinlu

10. [k)cumentation

a. Honthly technical reports

b. Quarterly technical reports

¢, Final technical report

d. Honchly financial reports
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